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7KH GLDPRQGEDFN PRWK Plutella xylostella /
/HSLGRSWHUD <SRQRPHXWLGDH LV D VHULRXV SHVW RI
FUXFLIHURXV YHJHWDEOHV ZRUOGZLGH 7DOHNDU DQG 6KHOWRQ
 P. xylostella KDV EHHQ VKRZQ WR GHYHORS UHVLVWDQFH
WR V\QWKHWLF LQVHFWLFLGHV DV ZHOO DV WR WKH ELRSHVWLFLGH
Bacillus thuringiensis 7DEDVKQLN  5HVLVWDQFH WR
LQVHFWLFLGHV LV JHQHUDOO\ FRQIHUUHG E\ PHWDEROLF
GHWR[LILFDWLRQ RI WKH LQVHFWLFLGHV FKDQJHV LQ QHUYH
VHQVLWLYLW\ RU UHGXFHG FXWLFXODU SHQHWUDWLRQ +HPLQJZD\
HW DO  ,Q LQVHFWLFLGH GHWR[LILFDWLRQ LQYROYHPHQW RI
WKUHH PDMRU JURXSV RI HQ]\PHV LQFOXGLQJ
FDUER[\OHVWHUDVHV F\WRFKURPH 3V DQG JOXWDWKLRQH
SWUDQVIHUDVHV *67V KDYH EHHQ UHSRUWHG +HPLQJZD\
HWDO
*67V DUH D IDPLO\ RI SURWHLQV WKDW KDYH EHHQ
GHPRQVWUDWHG WR EH LQYROYHG LQ GHWR[LILFDWLRQ RI
HQGRJHQRXV DQG [HQRELRWLF FRPSRXQGV LQ YHUWHEUDWHV
DQG LQYHUWHEUDWHV 5XVKPRUH DQG 3LFNHWW  *67V
KDYH WKH FDSDFLW\ WR FRQMXJDWH UHGXFHG JOXWDWKLRQH RQ WKH
WKLRO RI F\VWHLQH WR YDULRXV HOHFWURSKLOHV DQG WR ELQG ZLWK
KLJK DIILQLW\ WR D YDULHW\ RI K\GURSKRELF FRPSRXQGV
5XVKPRUH DQG 3LFNHWW  ,Q DGGLWLRQ VRPH *67V
FDWDO\]H D GHK\GURFKORULQDWLRQ UHDFWLRQ XVLQJ UHGXFHG
JOXWDWKLRQH DV D FRIDFWRU UDWKHU WKDQ D FRQMXJDWH &ODUN
DQG 6KDPDDQ  7KH F\WRVROLF *67V DUH GLPHULF
HQ]\PHV DSSUR[LPDWHO\  N'D LQ VL]H %DVHG RQ
QXFOHRWLGH VLPLODULWLHV &KHOYDQD\DJDP HW DO 
FODVVLILHG WKH LQVHFW *67V LQWR ILYH FODVVHV 'HOWD 2PHJD
6LJPD 7KHWD DQG =HWD /DWHO\ VRPH *67 JHQHV IURP
Anopheles gambiae KDYH EHHQ DVVLJQHG WR (SVLORQ FODVV
5DQVRQ HW DO  DOWKRXJK WKHUH DUH DGGLWLRQDO *67V
WKDW FDQQRW EH DVVLJQHG WR DQ\ GHVFULEHG FODVV 'LQJ HW DO

,Q P. xylostella IRXU *67 LVRHQ]\PHV DQG WZR *67 JHQHV
KDYH EHHQ UHSRUWHG VR IDU &KLDQJ DQG 6XQ  .X HW DO
 +XDQJ HW DO  (XP HW DO XQSXEOLVKHG ,Q D
SUHYLRXV VWXG\ ZH UHSRUWHG WKDW D P. xylostella VWUDLQ
VHOHFWHG DJDLQVW FKORUIOXD]XURQ VKRZHG KLJKHU *67
DFWLYLW\ DQG 3[*67H IRUPHUO\ GHQRWHG DV *67 E\
+XDQJ HW DO  JHQH H[SUHVVLRQ WKDQ WKH QRQVHOHFWHG
VWUDLQ 6RQRGD DQG 7VXPXNL  ,Q WKH SUHVHQW VWXG\
ZH LVRODWHG DQG GHWHUPLQHG FRPSOHWH QXFOHRWLGH
VHTXHQFHV RI WZR *67 JHQHV HQFRGLQJ 3[*67V DQG
3[*67H DQG FKDUDFWHUL]HG WKHLU JHQRPLF RUJDQL]DWLRQV
)XUWKHUPRUH ZH H[DPLQHG WKH GHYHORSPHQWDO H[SUHVVLRQ
RIWKHVHJHQHVLQ P. xylostella
Materials and Methods
Insects
,QVHFWV ZHUH REWDLQHG IURP D FKORUIOXD]XURQUHVLVWDQW
&)5 P. xylostella FRORQ\ PDLQWDLQHG DW  & XQGHU D
ORQJ SKRWRSHULRG /' RQ UDGLVK VHHGOLQJV 7KH &)5
FRORQ\ ZDV HVWDEOLVKHG E\ VHOHFWLRQ RI WKH QRQVHOHFWHG
VWUDLQ ZLWK ± SSP RI FKORUIOXD]XURQ LQ HDFK
JHQHUDWLRQ6RQRGDDQG7VXPXNL
Amplification of genomic sequences by
polymerase chain reaction (PCR)
*HQRPLF '1$ H[WUDFWLRQ ZDV GHVFULEHG SUHYLRXVO\
6RQRGD DQG 7VXPXNL  7KH FRGLQJ UHJLRQ RI
3[*67H JHQH ZDV DPSOLILHG E\ 3&5 XVLQJ D SULPHU VHW
3[*67Hᐉ
ᐉ&7&$&*$*&$$7*$$$$**77&&$*7*ᐉ
QXFOHRWLGHV ± LQ )LJXUH  DQG 3[*67Hᐉ
ᐉ&$*&$*$$7$$7&&77&&*&77&ᐉ
FRPSOHPHQWDU\ WR QXFOHRWLGHV ± LQ )LJXUH 
%RWK SULPHUV ZHUH GHVLJQHG EDVHG RQ WKH SXEOLVKHG *67
F'1$ VHTXHQFH +XDQJ HW DO 
*HQ%DQN(0%/''%- DFFHVVLRQ QR 8 7KH
FRGLQJ UHJLRQ RI 3[*67V JHQH ZDV DPSOLILHG E\ 3&5
XVLQJ IRUZDUG SULPHU 3[*67Vᐉ
ᐉ**&$7ATGGCCAAGAAACTACACTACTTCᐉ
DQG UHYHUVH SULPHU 3[*67Vᐉ
ᐉ&&**$7&&TTATAGCGCGTAGACCTTCCTCᐉ
%RWK SULPHUV ZHUH GHVLJQHG EDVHG RQ WKH SXEOLVKHG *67
F'1$ VHTXHQFH (XP HW DO XQSXEOLVKHG DFFHVVLRQ 
$% 2Q WKH ᐉ HQGV D UHVWULFWLRQ VLWH IRU Nde,Z D V
DGGHG WR 3[*67Vᐉ DQG IRU Bam+, WR 3[*67Vᐉ DV
D UHTXLUHPHQW RI DQRWKHU VWXG\ 7KH FRGLQJ VHTXHQFHV RI
3[*67Vᐉ QXFOHRWLGHV ± LQ )LJXUH  DQG
3[*67Vᐉ FRPSOHPHQWDU\ WR QXFOHRWLGHV ±
LQ )LJXUHDUHVKRZQDVEROGOHWWHUV
7KH ᐉ DQG ᐉ IODQNLQJ UHJLRQV RI 3[*67H DQG 3[*67V
JHQHV ZHUH DPSOLILHG E\ FDVVHWWHOLJDWLRQ EDVHG 3&5
DPSOLILFDWLRQ DV GHVFULEHG SUHYLRXVO\ 6RQRGD DQG
7VXPXNL  $OO SULPHUV XVHG IRU DPSOLILFDWLRQ RI WKH
ᐉ DQG ᐉ IODQNLQJ UHJLRQV RI ERWK *67 JHQHV ZHUH
GHVLJQHG EDVHG RQ WKH JHQRPLF VHTXHQFHV PHQWLRQHG
DERYH
7R FORQH WKH ᐉ DQG ᐉ IODQNLQJ UHJLRQV RI 3[*67V JHQH
JHQRPLF '1$  ƫJ GLJHVWHG ZLWK HinG,,, ZDV OLJDWHG
ZLWK WKH HinG,,, FDVVHWWH 7DNDUD %LR
ZZZWDNDUDELRFRMS 3&5 ZDV SHUIRUPHG XVLQJ
3[*67Vᐉ ᐉ&&7&*7$&$****$$*&7*7&&ᐉ
FRPSOHPHQWDU\ WR QXFOHRWLGHV ± LQ )LJXUH  DQG
& VHTXHQFH LQFOXGHG LQ WKH FDVVHWWHV HPSOR\HG IRU
DPSOLILFDWLRQ RI WKH ᐉ IODQNLQJ UHJLRQ 6XEVHTXHQWO\
QHVWHG 3&5 ZDV SHUIRUPHG ZLWK 3[*67Vᐉ
ᐉ**&&$7&&$*$*$7&7**7$&&ᐉ FRPSOHPHQWDU\
WR QXFOHRWLGHV ± LQ )LJXUH  DQG & VHTXHQFH
LQFOXGHG LQ WKH FDVVHWWHV HPSOR\HG )RU DPSOLILFDWLRQ RI
WKH ᐉ IODQNLQJ UHJLRQ ZH SHUIRUPHG 3&5 ZLWK
3[*67Vᐉ ᐉ&&$*&7*$&&7***&$*$$77&ᐉ
QXFOHRWLGHV ± LQ )LJXUH  DQG & 1HVWHG
3&5 ZDV SHUIRUPHG ZLWK 3[*67Vᐉ
ᐉ&7*77&&7&*$&7$&*$*$7&*ᐉ QXFOHRWLGHV
±DQG&
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9RO_$UWLFOH Pst, GLJHVWV OLJDWHG ZLWK WKH Pst, FDVVHWWH 7DNDUD %LR
ZHUH XVHG IRU DPSOLILFDWLRQ RI WKH ᐉ IODQNLQJ UHJLRQ RI
3[*67H JHQH 3&5 ZDV SHUIRUPHG XVLQJ 3[*67Hᐉ
ᐉ**&&7&$*&&$&&$7&$7**7**&ᐉ
FRPSOHPHQWDU\ WR QXFOHRWLGHV ± LQ )LJXUH 
DQG & 6XEVHTXHQWO\ QHVWHG 3&5 ZDV SHUIRUPHG ZLWK
3[*67Hᐉ ᐉ*&7&$7*7&&$*777*7$&$*&ᐉ
FRPSOHPHQWDU\ WR QXFOHRWLGHV ± LQ )LJXUH 
DQG & Xba, GLJHVWV OLJDWHG ZLWK WKH Xba, FDVVHWWH
7DNDUD %LR ZHUH XVHG IRU DPSOLILFDWLRQ RI WKH ᐉ SRUWLRQ
RI 3[*67H JHQH :H SHUIRUPHG 3&5 ZLWK 3[*67Hᐉ
ᐉ&$&77&&7&$77$$&77&7$$*7$$&ᐉ QXFOHRWLGHV
± LQ )LJXUH  DQG & 1HVWHG 3&5 ZDV
SHUIRUPHG ZLWK 3[*67Hᐉ
ᐉ*$7*777*7777$7*77*77*77$$7ᐉ
QXFOHRWLGHV±LQ )LJXUHDQG&
3&5 FRQGLWLRQV ZHUH  F\FOHV RI  V DW &  PLQ DW
& DQG  PLQ DW & IROORZHG E\ D ILQDO H[WHQVLRQ RI
&IRUPLQ
Reverse transcription PCR (RT-PCR)
7RWDO 51$ H[WUDFWLRQ IURP ZKROH ERG\ RI IRXUWK LQVWDU
ODUYDH DQG ILUVW VWUDQG F'1$ V\QWKHVLV ZHUH GHVFULEHG
SUHYLRXVO\7VXNDKDUDHWDO
7KH FRGLQJ UHJLRQ RI 3[*67H F'1$ ZDV DPSOLILHG E\
3&5 XVLQJ SULPHUV 3[*67Hᐉ DQG 3[*67Hᐉ 7KH
ᐉ DQG ᐉ HQGV RI 3[*67H F'1$ ZHUH DPSOLILHG E\ UDSLG
DPSOLILFDWLRQ RI F'1$ HQGV 5$&( )URKPDQQ HW DO
 )RU ᐉ 5$&( 3&5 ZDV SHUIRUPHG DJDLQVW WKH
F'1$ VSHFLILHG DERYH XVLQJ 3[*67Hᐉ DQG 0
7DNDUD %LR 6XEVHTXHQWO\ QHVWHG 3&5 ZDV SHUIRUPHG
XVLQJ 3[*67Hᐉ DQG 0 F'1$ ZDV FRQVWUXFWHG IURP
 ƫJ RI WRWDO 51$ XVLQJ D VPDUW 5$&( F'1$
Figure 1. 1XFOHRWLGHDQGGHGXFHGDPLQRDFLGVHTXHQFHVRI3[*67HJHQHIURP Plutella xylostella3XWDWLYH7$7$
ER[HVDUHXQGHUOLQHG7KHDVWHULVNLQGLFDWHVWKHWUDQVODWLRQDOWHUPLQDWLRQFRGRQ7KHFRGLQJVHTXHQFHVDUHVKRZQE\
UHG1XFOHRWLGHVLQORZHUFDVHOHWWHUVDUHLQWURQVHTXHQFHV
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 2. $OLJQPHQWRIWKHJHQRPLFVHTXHQFHRIWKH3[*67HJHQHZLWKWKHF'1$VHTXHQFH7KHLQLWLDWLRQFRGRQLV
XQGHUOLQHG7KHF'1$VHTXHQFHLVLQUHG'DVKHVLQGLFDWHJDSVLQWKHF'1$VHTXHQFH
DPSOLILFDWLRQ NLW &ORQWHFK ZZZFORQWHFKFRP IRU ᐉ
5$&( 3&5 ZDV SHUIRUPHG DJDLQVW WKH F'1$ XVLQJ
3[*67Hᐉ DQG WKH [ XQLYHUVDO SULPHU [ 830
&ORQWHFK 6XEVHTXHQWO\ QHVWHG 3&5 ZDV SHUIRUPHG
ZLWK 3[*67Hᐉ DQG WKH QHVWHG XQLYHUVDO SULPHU 183
&ORQWHFK
7KH FRGLQJ UHJLRQ RI 3[*67V F'1$ ZDV DPSOLILHG E\ 3&5
XVLQJ SULPHUV 3[*67Vᐉ DQG 3[*67Vᐉ 5$&( ZDV
SHUIRUPHG IRU DPSOLILFDWLRQ RI ᐉ DQG ᐉ HQGV RI 3[*67V
F'1$ )RU ᐉ 5$&( VW 3&5 SHUIRUPHG ZLWK SULPHU SDLU
3[*67Vᐉ DQG 0 ZDV IROORZHG E\ QG 3&5 ZLWK
3[*67Vᐉ DQG 0 )RU ᐉ 5$&( VW 3&5 SHUIRUPHG
XVLQJ 3[*67Vᐉ DQG [ 830 ZDV IROORZHG E\ QG
3&5XVLQJ3[*67VᐉDQG183
3&5 FRQGLWLRQV ZHUH  F\FOHV RI  V DW &  PLQ DW
& DQG  PLQ DW & IROORZHG E\ D ILQDO H[WHQVLRQ RI
&IRUPLQ
Cloning and nucleotide sequencing
7KH 3&5DPSOLILHG IUDJPHQWV ZHUH FORQHG LQWR S*(07
(DV\ 3URPHJD &RUS ZZZSURPHJDFRP 2EWDLQHG
FORQHV ZHUH VHTXHQFHG XVLQJ D G\H WHUPLQDWRU F\FOH
VHTXHQFLQJ NLW $SSOLHG %LRV\VWHPV
ZZZDSSOLHGELRV\VWHPVFRP ZLWK 0 IRUZDUG DQG
UHYHUVH SULPHUV E\ D '1$ VHTXHQFHU $SSOLHG
%LRV\VWHPV  $YDQW *HQHWLF $QDO\]HU 2EWDLQHG
VHTXHQFHV ZHUH DQDO\]HG XVLQJ *HQHW\[0DF YHU 
6RIWZDUH'HYHORSPHQWZZZVGFFRMS
RNA gel blot analysis
7RWDO 51$  ƫJ LVRODWHG IURP ZKROH ERG\ H[WUDFWV RI
GLIIHUHQW GHYHORSPHQWDO VWDJHV ZHUH VL]HIUDFWLRQDWHG RQ
D  DJDURVH JHO FRQWDLQLQJ  0 IRUPDOGHK\GH DQG
WUDQVIHUUHG WR D %LRG\QH 3/86 PHPEUDQH 3DOO &RUS
ZZZSDOOFRP 7KH EORW ZDV K\EULGL]HG ZLWK D
UDQGRPSULPHG 3ODEHOHG IUDJPHQW FRQWDLQLQJ WKH
FRGLQJ VHTXHQFHV RI 3[*67H RU 3[*67V JHQH )LJXUH 
6DPEURRNHWDO
Southern blot analysis
*HQRPLF '1$  ƫJ GLJHVWHG ZLWK UHVWULFWLRQ HQ]\PHV
ZHUH VL]HIUDFWLRQDWHG RQ D  DJDURVH JHO WUDQVIHUUHG
WR D %LRG\QH 3/86 PHPEUDQH 3DOO &RUS DQG
K\EULGL]HG ZLWK D UDQGRPSULPHG 3ODEHOHG SUREH DV
VSHFLILHGDERYH
Results
Genomic sequence analysis of PxGSTe gene
$PSOLILFDWLRQ RI 3[*67H JHQH IURP JHQRPLF '1$ E\ 3&5
XVLQJ SULPHUV FRUUHVSRQGLQJ WR WKH ᐉ DQG ᐉ HQGV RI WKH
F'1$ VHTXHQFH VXJJHVWHG WKDW WKHUH DUH QR LQWURQV LQ WKH
FRGLQJ UHJLRQ GDWD QRW VKRZQ 7KLV ZDV FRQILUPHG E\
QXFOHRWLGH VHTXHQFLQJ )LJXUH  7R H[DPLQH WKH
JHQRPLF VHTXHQFHV WKDW FRUUHVSRQG WR WKH ᐉ DQG ᐉ
IODQNLQJ UHJLRQV RI 3[*67H JHQH FDVVHWWHOLJDWLRQ EDVHG
3&5 DPSOLILFDWLRQ ZDV SHUIRUPHG XVLQJ JHQRPLF '1$
$PSOLILHG '1$ IUDJPHQWV ZHUH FORQHG DQG VHTXHQFHG
7KH FRPELQHG JHQRPLF VHTXHQFH RI 3[*67H JHQH RI 
ES LV VKRZQ LQ )LJXUH  DFFHVVLRQ  $%
&RPSDULVRQ RI WKH JHQRPLF VHTXHQFH WR WKH F'1$
VHTXHQFH VKRZHG WKDW WKHUH LV DQ LQWURQ RI  ES
LPPHGLDWHO\ SUHFHGLQJ WKH VWDUW FRGRQ $7* QXFOHRWLGHV
± LQ )LJXUHV   DQG  7KH HQGV RI WKH
SXWDWLYH LQWURQ ZHUH GHILQHG E\ *7$* UXOH %UHDWKQDFK
HW DO  7KUHH SXWDWLYH 7$7$ ER[HV ZHUH IRXQG DW
QXFOHRWLGHV ± 7$7$$$$ ± 7$7$$$
DQG ± 7$7$$$ )LJXUH  $ VHDUFK IRU WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 3. 1XFOHRWLGHDQGGHGXFHGDPLQRDFLGVHTXHQFHVRI3[*67VJHQHIURP Plutella xylostella3XWDWLYH7$7$
ER[HVDUHXQGHUOLQHG7KHDVWHULVNLQGLFDWHVWKHWUDQVODWLRQDOWHUPLQDWLRQFRGRQ7KHFRGLQJVHTXHQFHVDUHVKRZQLQ
UHG1XFOHRWLGHVLQORZHUFDVHOHWWHUVDUHLQWURQVHTXHQFHV
Figure 4. 5HVWULFWLRQPDSVRI3[*67HDQG3[*67VJHQHVIURP Plutella xylostella3UREHVIRU3[*67HDQG3[*67V
JHQHVDUHVKRZQXQGHUUHVWULFWLRQPDSVDVVROLGEDUV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH FRQVHQVXV VHTXHQFHV RI &$$7 **&&$$7&7 DQG *&
***&** HOHPHQWV VKRZHG QR H[DFW PDWFK IRU WKH
QXFOHRWLGHV ZLWKLQ  ES RI WKH ᐉ IODQNLQJ UHJLRQ
+LJK $7 FRQWHQW RI  DQG  ZHUH IRXQG LQ WKH
ᐉ DQG ᐉ IODQNLQJ UHJLRQV UHVSHFWLYHO\ 7KH GHGXFHG
DPLQR DFLG VHTXHQFH RI WKH FRGLQJ UHJLRQ VKRZHG 
LGHQWLW\ ZLWK WKDW RI WKH 3[*67H JHQH IURP WKH 03$
VWUDLQ RI P. xylostella VHOHFWHG ZLWK PHWK\O SDUDWKLRQ
+XDQJ HW DO  'LIIHUHQFHV ZHUH GHWHFWHG DW DPLQR
DFLG SRVLWLRQV      DQG  $PRQJ WKRVH
IRXU DW DPLQR DFLG SRVLWLRQV  $VS WR *OX  +LV WR
$VQ  3KH WR ,OH DQG  7KU WR $OD ZHUH
FRQVHUYDWLYH)LJXUH DQGGDWDQRWVKRZQ
Genomic sequence analysis of PxGSTs gene
$PSOLILFDWLRQ RI WKH 3[*67V JHQH IURP JHQRPLF '1$
XVLQJ 3&5 SULPHUV FRUUHVSRQGLQJ WR WKH ᐉ DQG ᐉ HQGV RI
WKH F'1$ VHTXHQFH SURGXFHG D IUDJPHQW DERXW  NE LQ
OHQJWK 7KH F'1$ DPSOLILHG E\ 573&5 ZDV DERXW 
ES LQ OHQJWK VXJJHVWLQJ WKDW WKHUH DUH LQWURQV LQ WKH
FRGLQJ UHJLRQ GDWD QRW VKRZQ 7R H[DPLQH WKH JHQRPLF
RUJDQL]DWLRQ RI WKH 3[*67V JHQH WKH QXFOHRWLGH VHTXHQFH
RI WKH DPSOLILHG IUDJPHQW IURP JHQRPLF '1$ ZDV
FRPSDUHG ZLWK WKDW RI WKH F'1$ ,W ZDV IRXQG WKDW WKH
3[*67V JHQH LV FRPSRVHG RI IRXU H[RQV DQG WKUHH LQWURQV
)LJXUHV  DQG  ,QWURQV   DQG  ZHUH LGHQWLILHG DW
QXFOHRWLGHV ±  ES ±  ES DQG
±  ES UHVSHFWLYHO\ )LJXUHV  DQG  7KH
HQGV RI WKH LQWURQV LQ 3[*67V JHQH ZHUH DOVR GHILQHG E\
WKH *7$* UXOH %UHDWKQDFK HW DO  7KH JHQRPLF
VHTXHQFHV WKDW FRUUHVSRQG WR WKH ᐉ DQG ᐉ IODQNLQJ
UHJLRQV ZHUH DPSOLILHG E\ FDVVHWWHOLJDWLRQ EDVHG 3&5
XVLQJ JHQRPLF '1$ ,Q WKH ᐉ DQG ᐉ IODQNLQJ UHJLRQV QR
LQWURQV ZHUH SUHGLFWHG E\ FRPSDULVRQ ZLWK WKH F'1$
VHTXHQFHV )LJXUHV  DQG  &RPELQHG JHQRPLF
VHTXHQFH RI 3[*67V JHQH RI  ES DUH VKRZQ LQ )LJXUH
 DFFHVVLRQ  $% 7KH QXFOHRWLGH VHTXHQFHV RI
WKH ᐉ DQG ᐉ IODQNLQJ UHJLRQV KDG $7 FRQWHQW RI 
DQG  UHVSHFWLYHO\ 3XWDWLYH 7$7$ ER[HV DUH
LGHQWLILHG DW QXFOHRWLGHV ± 7$7$$$$ DQG ±
7$7$$$ )LJXUH  7KH RWKHU SURPRWHU HOHPHQWV VXFK
DV &$$7 HOHPHQW DQG *& HOHPHQW ZHUH QRW IRXQG ZLWKLQ
 ES RI WKH ᐉ IODQNLQJ UHJLRQ 7KH JHQRPLF VHTXHQFH
FRQWDLQHG DQ 25) RI  ES 7KH GHGXFHG DPLQR DFLG
VHTXHQFH ZDV FRPSOHWHO\ LGHQWLFDO ZLWK WKDW RI WKH
UHSRUWHG F'1$ VHTXHQFH (XP HW DO XQSXEOLVKHG
DFFHVVLRQ$%
Southern blot analysis of GST genes
7KH SUHVHQFH RU DEVHQFH RI JHQHV KRPRORJRXV WR 3[*67H
RU 3[*67V ZDV H[DPLQHG E\ 6RXWKHUQ EORW DQDO\VLV
*HQRPLF '1$ GLJHVWHG ZLWK Kpn,R UEco59 LQ
FRPELQDWLRQ ZLWK Pst, ZHUH K\EULGL]HG ZLWK D 3[*67H
JHQH IUDJPHQW ,Q Pst,Kpn, GLJHVWV D VLQJOH LQWHQVH
EDQG RI  NE ZDV REVHUYHG DV ZHOO DV VRPH OHVV LQWHQVH
EDQGV )LJXUH  ODQH  6LPLODUO\ D VLQJOH LQWHQVH EDQG
RI  NE ZDV REVHUYHG LQ Pst,Eco59 GLJHVWV LQ DGGLWLRQ
WR VRPH OHVV LQWHQVH EDQGV )LJXUH  ODQH  7KHVH
UHVXOWV VXJJHVW WKDW KRPRORJRXV PHPEHUV RI WKH 3[*67H
JHQH DUH SUHVHQW :KHQ JHQRPLF '1$ ZDV GLJHVWHG ZLWK
HinG,,, DQG SUREHG ZLWK D 3[*67V IUDJPHQW D VLQJOH
LQWHQVH EDQG RI  NE ZDV REVHUYHG )LJXUH  ODQH 
6LQJOH LQWHQVH EDQGV RI  NE  NE  NE DQG  NE
ZHUH DOVR GHWHFWHG LQ HinG,,,Cla, HinG,,,Kpn,
HinG,,,Pvu,, DQG HinG,,,Spe, GLJHVWV UHVSHFWLYHO\
)LJXUH  ODQHV  WR  1R DGGLWLRQDO VWURQJ RU ZHDN
EDQGV ZHUH GHWHFWHG LQ DQ\ RI WKH GLJHVWV )LJXUH  DQG
GDWD QRW VKRZQ VXJJHVWLQJ WKDW 3[*67V LV SUHVHQW LQ D
VLQJOHFRS\
Developmental expression of GST genes
'HYHORSPHQWDO H[SUHVVLRQ RI 3[*67H JHQH ZDV H[DPLQHG
E\ 51$ JHO EORW DQDO\VLV )LJXUH  )LUVW DQG VHFRQG
LQVWDU ODUYDH DFFXPXODWHG P51$ DW YHU\ KLJK OHYHOV 7KH
P51$ OHYHOV DSSDUHQWO\ GHFUHDVHG LQ WKLUG LQVWDU ODUYDH
DQG LQFUHDVHG LQ WKH IRXUWK LQVWDU EXW OLWWOH P51$ ZDV
GHWHFWHG LQ SXSDH ,Q DGXOWV WKH 3[*67V P51$ OHYHOV
LQFUHDVHGDJDLQ
([SUHVVLRQ RI WKH 3[*67V JHQH LQ WKH FRXUVH RI
GHYHORSPHQW ZDV DOVR H[DPLQHG E\ 51$ JHO EORW DQDO\VLV
)LJXUH  )LUVW DQG VHFRQG LQVWDU ODUYDH DFFXPXODWHG
P51$ DW KLJK OHYHOV ,Q WKLUG LQVWDU ODUYDH ORZ OHYHOV RI
P51$ ZHUH GHWHFWHG 7KH OHYHOV RI P51$ LQFUHDVHG LQ
IRXUWK LQVWDU ODUYDH 3XSDH DQG DGXOWV DFFXPXODWHG OLWWOH
3[*67VP51$
,Q DGGLWLRQ WR WKH EDQGV H[SHFWHG WR EH P51$ IRU
3[*67H DQG 3[*67V JHQHV VPHDU VLJQDOV ZHUH GHWHFWHG
HVSHFLDOO\ LQ IRXUWK LQVWDU ODUYDH )LJXUH  7KLV PLJKW
VXJJHVW WKH UDSLG WXUQRYHU RI WKH WUDQVFULSWV +RZHYHU
ZHKDYHQRGDWDVXSSRUWLQJWKLVK\SRWKHVLV
Discussion
,Q PDPPDOLDQ JOXWDWKLRQH SWUDQVIHUDVHV VHTXHQFH
LGHQWLWLHV ZLWKLQ WKH VDPH JHQH FODVV W\SLFDOO\ UDQJH IURP
 WR  ZKLOH LQWHUJHQH FODVV LGHQWLWLHV DUH EHWZHHQ
 DQG  7KH DPLQR DFLG LGHQWLW\ EHWZHHQ WKH 3[*67H
DQG 3[*67V JHQHV ZDV RQO\  VXJJHVWLQJ WKDW WKH\
EHORQJ WR GLIIHUHQW JHQH FODVVHV 7KH DPLQR DFLG VHTXHQFH
RI WKH 3[*67V JHQH VKRZHG KLJKHVW LGHQWLW\  ZLWK
WKH Choristoneura fumiferana *67 )HQJ HW DO 
6LQFH C. fumiferana *67 ZDV FODVVLILHG DV D 6LJPD FODVV
(QD\DWL HW DO  3[*67V IURP P. xylostella PD\ EH
JURXSHG LQ WKH VDPH FODVV 2Q WKH RWKHU KDQG 3[*67H
ZDV FODVVLILHG DV EHORQJLQJ WR WKH (SVLORQ FODVV (QD\DWL
HW DO  +RZHYHU WKH DPLQR DFLG LGHQWLW\ EHWZHHQ
3[*67H DQG Musca domestica *67 $ :HL HW DO 
ZKLFK EHORQJV WR WKH (SVLORQ FODVV ZDV UHODWLYHO\ ORZ
 3[*67H PLJKW EHORQJ WR DQ DV \HW XQUHFRJQL]HG
*67FODVV
7KH FRGLQJ UHJLRQ RI 3[*67V JHQH ZDV LQWHUUXSWHG E\
WKUHH LQWURQV UDQJHG IURP  ES WR  ES ,QWURQ  ZDV
D SKDVH  LQWURQ WKDW GRHV QRW LQWHUUXSW D FRGRQ DQG WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 5. 6RXWKHUQEORWDQDO\VHVRI3[*67HDQG3[*67VJHQHVIURP Plutella xylostella7RWDO'1$GLJHVWHGZLWK
Kpn,ODQHRU Eco59ODQHLQFRPELQDWLRQZLWK Pst,ZDVVL]HIUDFWLRQDWHGRQDQDJDURVHJHOWUDQVIHUUHGWRD
Q\ORQPHPEUDQHDQGK\EULGL]HGZLWKD3[*67HSUREH HinG,,,ODQH HinG,,,Cla,ODQH HinG,,,Kpn,ODQH
HinG,,,Pvu,,ODQHDQG HinG,,,Spe,ODQHGLJHVWVZHUHVLPLODUO\K\EULGL]HGZLWKD3[*67VSUREH
RWKHU WZR ZHUH SKDVH  LQWURQV WKDW H[LVW EHWZHHQ WKH ILUVW
DQG VHFRQG EDVHV ZLWKLQ D FRGRQ ,Q A. gambiae WZR
*67 JHQHV EHORQJLQJ WR WKH 6LJPD FODVV ZHUH UHSRUWHG
'LQJ HW DO  7KH FRGLQJ UHJLRQ RI RQH RI WKHVH
6LJPD JHQHV GSTs1-2 ZDV DOVR LQWHUUXSWHG E\ WKUHH
LQWURQV 1R RWKHU  *67 JHQHV LQ A. gambiae FRQWDLQ
WKUHH LQWURQV ZKLFK VXSSRUWV WKH LGHD WKDW WKH 3[*67V
JHQH LV D PHPEHU RI WKH 6LJPD FODVV 7KH ILUVW LQWURQ
ORFDWHG DSSUR[LPDWHO\  DPLQR DFLG UHVLGXHV IURP WKH
1WHUPLQDO LV WKH VSOLFH VLWH IRU WKH DOWHUQDWLYH
WUDQVFULSWV RI VHYHUDO A. gambiae *67 JHQHV LQFOXGLQJ
WKH 6LJPD FODVV JHQHV 'LQJ HW DO  $W SUHVHQW WKHUH
LV QR LQIRUPDWLRQ IRU DOWHUQDWLYH VSOLFLQJ RI WKH 3[*67V
JHQH 2Q WKH RWKHU KDQG 3[*67H JHQH ZDV LQWURQOHVV LQ
WKH FRGLQJ UHJLRQ EXW WKH JHQH KDG DQ LQWURQ RI  ES LQ
WKHᐉ IODQNLQJUHJLRQ
,Q Drosophila melanogaster WHQ PHPEHUV RI *67 JHQHV
EHORQJLQJ WR (SVLORQ FODVV ZHUH FOXVWHUHG RQ FKURPRVRPH
5 GLYLVLRQ & 6DZLFNL HW DO  )XUWKHUPRUH LQ A.
gambiae D FOXVWHU RI HLJKW (SVLORQ *67 JHQHV ZDV
ORFDWHG LQ FKURPRVRPH 5 GLYLVLRQ % 'LQJ HW DO
 7KHVH REVHUYDWLRQV LQ GLSWHUDQ LQVHFWV VXJJHVW
WKDW *67 JHQHV RI WKH (SVLORQ FODVV RFFXUUHG YLD ORFDO
GXSOLFDWLRQ WKDW OHG WR LQGHSHQGHQW H[SDQVLRQV RI WKH
JHQH FODVV ,Q WKH SUHVHQW VWXG\ WKH SUHVHQFH RI
KRPRORJRXV JHQH FRSLHV RI WKH 3[*67H JHQH LQ WKH P.
xylostella JHQRPH ZDV GHPRQVWUDWHG E\ 6RXWKHUQ EORW
DQDO\VLV +RZHYHU QXFOHRWLGH VHTXHQFLQJ RI FD  NE
DQG FD  NE FRUUHVSRQGLQJ WR WKH ᐉ DQG ᐉ IODQNLQJ
UHJLRQV RI 3[*67H JHQH UHVSHFWLYHO\ UHYHDOHG QR
KRPRORJRXV PHPEHUV LQ WKH UHJLRQV ([WHQVLYH DQDO\VHV
RI ERWK IODQNLQJ UHJLRQV XVLQJ JHQRPLF OLEUDU\ RI P.
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 6. 'HYHORSPHQWDOH[SUHVVLRQRI3[*67HDQG3[*67VJHQHVIURP Plutella xylostella7RWDO51$H[WUDFWHGIURP
VWDQGQGLQVWDUODUYDHODQHUGLQVWDUODUYDHODQHPDOHWKLQVWDUODUYDHODQHIHPDOHWKLQVWDUODUYDH
ODQHPDOHSXSDHODQHIHPDOHSXSDHODQHPDOHDGXOWVODQHDQGIHPDOHDGXOWVODQHZHUHDQDO\]HGE\
51$JHOEORWDQDO\VLV7KHSKRWRJUDSKVRIWKHHWKLGLXPEURPLGHVWDLQHG51$JHOEHIRUHWUDQVIHUDUHDOVRVKRZQ
xylostella ZRXOG EH QHFHVVDU\ WR VHH LI WKHUH DUH FOXVWHUV
RI(SVLORQ*67JHQHVLQ P. xylostella
,Q JHQHUDO DFWLYHO\ IHHGLQJ ODUYDH DUH H[SHFWHG WR KDYH
KLJKHU OHYHOV RI *67V VLQFH WKH\ KDYH WKH SRWHQWLDO WR
WDNH FRQWDPLQDWLQJ WR[LF FKHPLFDOV DORQJ ZLWK WKH GLHW
)RU H[DPSOH LQ Aedes aegypti WRWDO *67 DFWLYLW\
LQFUHDVHG LQ WKH FRXUVH RI ODUYDO GHYHORSPHQW SHDNHG LQ
SXSDH DQG WKHQ GHFUHDVHG LQ DGXOW +D]HOWRQ DQG /DLQJ
 $W WKH PROHFXODU OHYHO LW ZDV UHYHDOHG WKDW  RI 
*67 JHQHV LQ A. gambiae DUH H[SUHVVHG LQ IRXUWK LQVWDU
ODUYDH RU RQHGD\ROG DGXOWV 'LQJ HW DO  2Q WKH
RWKHU KDQG LQ C. fumiferana WKH *67 JHQH EHORQJLQJ WR
WKH 6LJPD FODVV DUH H[SUHVVHG DW YHU\ ORZ OHYHOV LQ IHHGLQJ
ODUYDH EXW KLJK OHYHOV LQ GLDSDXVLQJ ODUYDH )HQJ HW DO
 ,Q WKH SUHVHQW VWXG\ H[SUHVVLRQ OHYHOV RI 3[*67H
DQG 3[*67V JHQHV IOXFWXDWHG GXULQJ WKH FRXUVH RI
GHYHORSPHQW )XUWKHUPRUH LW ZDV VKRZQ WKDW H[SUHVVLRQ
SDWWHUQV RI ERWK *67 JHQHV ZHUH LQGHSHQGHQW RI HDFK
RWKHU )RU H[DPSOH KLJK OHYHOV RI H[SUHVVLRQ RI WKH
3[*67H ZHUH REVHUYHG LQ DGXOWV ZKLOH ORZ OHYHOV RI
H[SUHVVLRQ RI WKH 3[*67V JHQH ZHUH IRXQG DW WKLV VWDJH
7KHVH UHVXOWV VXJJHVW WKDW ERWK *67 JHQHV KDYH GLIIHUHQW
IXQFWLRQV GXULQJ GHYHORSPHQW ,W KDV EHHQ UHSRUWHG WKDW
*67V DUH LQYROYHG LQ SURWHFWLRQ RI FHOOV IURP R[LGDWLYH
VWUHVV 'DQLHO  DQG WKH LQWUDFHOOXODU WUDQVSRUW RI
KRUPRQHV HQGRJHQRXV PHWDEROLWHV DQG H[RJHQRXV
FKHPLFDOV /LVWRZVN\ HW DO  $QDO\VLV RI JHQH
H[SUHVVLRQ DQG SURWHLQ DFWLYLW\ XVLQJ GLIIHUHQW WLVVXHV DQG
RUJDQV LV DSSDUHQWO\ QHFHVVDU\ WR HOXFLGDWH WKH UROH RI WKH
*67JHQHVLQ P. xylostella
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